Positive selection for gains of N-linked glycosylation sites in hemagglutinin during evolution of H3N2 human influenza A virus.
The number of N-linked glycosylation sites in the globular head of hemagglutinin (HA) has increased during evolution of H3N2 human influenza A virus. Here natural selection operating on the gains of N-linked glycosylation sites was examined by using the single-site analysis and the single-substitution analysis. In the single-site analysis, positive selection was not inferred at the amino acid sites where the substitutions generating N-linked glycosylation sites were observed, but was detected at antigenic sites. In contrast, in the single-substitution analysis, positive selection was detected for the amino acid substitutions generating N-linked glycosylation sites. The single-site analysis and the single-substitution analysis appeared to be suitable for detecting recurrent and episodic natural selection, respectively. The gains of N-linked glycosylation sites were likely to be positively selected for the function of shielding antigenic sites from immune responses. At the antigenic sites, positive selection appeared to have operated not only on the radical substitution but also on the conservative substitution in terms of the charge of amino acids, suggesting that the antigenic drift is not a by-product of the evolution of receptor binding avidity in HA of human H3N2 virus.